This paper describes the use of blends of diesel/biodiesel to obtain new microemulsion systems and their application as fuels for diesel engines. The blends were prepared using 5 vol.% (B5) and 20 vol.% (B20) biodiesel in diesel. The microemulsions were composed by either B5 or B20 as oil phase, nonylphenol ethoxylate with five oxyethylene units as nonionic surfactant, and distilled water as aqueous phase. Properties such as viscosity, flash point, density, and corrosiveness were evaluated. In comparison with diesel, increases in viscosity, density, and flash point were observed. Although increase in corrosiveness could be expected, this was not detected with the blends, which were fueled in a diesel engine to evaluate gaseous emissions. A reduction in CO, NOx and smoke emissions was observed, together with an increase in the emissions of unburned hydrocarbons. Therefore, the results indicate that the exhaust emissions of these novel microemulsion systems presented lower pollutants than neat diesel.
INTRODUCTION
Biodiesel can be produced using several raw materials, including vegetable oils, animal fats, and even used cooking oils. Typically, biodiesel can be obtained from the transesterification reaction of vegetable oils or animal fats using a short-chain alcohol (methanol or ethanol), in the presence of basic or acidic catalysts, producing methyl or ethyl esters (biodiesel) Biodiesel usually contains up to 10 % of oxygen in its molecule (w/w), for which reason it can be considered as an oxygenated fuel. The high concentration of oxygen enhances the efficiency in combustion and reduces the emissions of particulate matter, carbon monoxide, and other polluting gases. As reported in the literature, the combustion of biodiesel produces around 5 % to10 % more nitrogen oxides (NOx) Biodiesel can be fueled pure or blended with diesel fuel for use in diesel engines. Its addition in small amounts to diesel gives better lubricity characteristics and minimizes the emissions of particulates and gaseous pollutants, besides avoiding further NOx emissions obtained by burning only biodiesel. According to Janaun & Ellis (2010) , these blends are commercially named as B5, when the blends contain 5 vol.% biodiesel and 95 vol.% diesel, and as B20, when the blends have 20 vol.% biodiesel and 80 vol.% diesel. Brazil is one of the countries that largely use B5 blends as fuel for vehicles.
As far as commercial standards are concerned, the maximum allowable amount of biodiesel in the blend is 20 vol.%. Mixtures with up to 20% biodiesel can be used in a diesel engine without requiring any modification because the flow properties of the diesel predominate. Biodiesel also presents disadvantages that include: low chemical and thermal stabilities, poor cold flow properties, formation of wax when exposed to low temperatures, and high viscosity if compared with neat diesel. The oxidation of biodiesel at increasing temperatures leads to an increase in viscosity, which results in the formation of sediments that contribute to the clogging of filters and injection systems.
Surfactants are organic compounds used to reduce the interface tension between oil and water phases. As amphiphilic molecules, they contain at least one lyophilic and one lyophobic group. Comperlan SDC (98% of diethanolamides of coconut fatty acids), 6.74wt.% isoamyl alcohol, 63wt.% neat diesel, 1wt.% water, and 15wt.% soy oil showed physical-chemical properties close to the ones presented by neat diesel, indicating the possibility of using this blend as an alternative fuel.
Lif et al. (2010) used
Fischer-Tropsch diesel to produce emulsions and microemulsions using several sorbitan monooleate and alcohol ethoxylates mixtures as surfactants. The water content was set between 7 and 13%. The stability of the emulsions was assessed as the volume of the water-rich phase formed on the bottom of the sample holder at different times, at 20°C. The authors observed that the stability of the system can be enhanced by selecting a suitable mixture of surfactants in combination with a polymeric emulsion stabilizer. Combustion experiments in a single-cylinder diesel engine burning emulsion systems showed reduced emissions of soot and NOx.
Biodiesel features both hydrophilic and lipophilic moieties in its structure, and several authors have proposed its application as an additive with surfactant properties to prepare ethanol-diesel emulsions. Cheenkachorn et al. (2004) developed emulsification tests to select the best composition ethanol/palm-oil derived biodiesel/diesel, considering both emulsion stability and fuel properties. Subbaiah et al. (2010) evaluated the performance and emission characteristics of a diesel engine burning neat diesel, biodiesel (B100), a mixture of 90 vol.% diesel and 10 vol.% biodiesel (B10), and three blends of diesel/biodiesel/ethanol. They concluded that biodiesel can be used as an efficient additive to obtain diesel-biodiesel-ethanol blends with higher ethanol contents.
In a previous work, Dantas Neto et al. (2011) developed diesel-based microemulsions that were tested in a diesel engine to evaluate engine performance and type and level of emissions. Nonylphenol ethoxylate with five oxyethylene units (NP5EO) was used as surfactant. They observed an increase in CO emissions when compared with neat diesel. Specific fuel consumption of the microemulsion systems was greater than that of neat diesel, but the small droplets of water improved diesel combustion.
In this new research, microemulsion systems were developed using blends of biodiesel and diesel (B5 and B20), with the NP5EO surfactant. Literature references reporting the use of NP5EO with this purpose remain nonexistent. This surfactant was chosen due to its low ethoxylation degree, favoring the formation of water-in-oil microemulsions. The physicochemical properties of the microemulsion systems were determined. Then, a diesel engine was used to evaluate the gaseous emissions of the microemulsions, comparing the rates of emissions to the ones of neat diesel.
MATERIALS AND METHODS

Materials
The materials used for biodiesel synthesis were: refined soybean oil (commercial), ethanol (99.5% purity), and sodium hydroxide (97.0% purity), purchased from a local market (Cromato Produtos Químicos Ltda., Brazil).
The materials used for the preparation of microemulsion systems were: mineral diesel fuel (supplied by Petrobras), biodiesel (synthesized by the authors), nonylphenol ethoxylate 5 EO (NP5EO, commercial), and distilled water. The physicochemical properties of NP5EO are shown in Table 1 .
Due to the presence of the ethoxylated group, NP5EO has low solubility in water, but is miscible with oil, favoring the formation of water-in-oil microemulsions. According to Ahel and Giger (1993) , the solubility of this class of nonionic surfactant in water is based on the hydration of ether functional groups through hydrogen bonds. According to these authors, lower nonylphenol ethoxylate oligomers (NPnEO, with nEO<5) are (1) 1% wt./wt. solution propan-2-ol/water 1:2 (2) 20% wt./wt. solution (in butyl glycol, at 25%) usually described as "water insoluble" or lipophilic, and higher oligomers as "water soluble" or hydrophilic. They found that the solubility of NPnEO with 1 to 5 ethoxylated groups range between 3.0 and 9.5mg/L, increasing linearly with the increase in number of EO groups in the molecule.
Biodiesel synthesis
For the synthesis of biodiesel from soybean oil, a 6,000-mL jacketed glass reactor with round bottom was used. Initially, 1.5kg (1,621.62mL) of soybean oil was heated for 1 h at 60 o C. Then, the alcohol solution was added (10.5g of NaOH dissolved in 760mL of ethanol) and the mixture was stirred in a mechanical magnetic stirrer at 1,000rpm for 2h. Immediately after, the product was placed during 2h in a rotary evaporator (85rpm at 80 o C) to remove the excess alcohol from the mixture. After the removal of ethyl alcohol, the mixture was poured into a separating funnel, and allowed to settle for about 12h in order to allow the two phases to separate. The upper phase was biodiesel and the lower phase was glycerin. The glycerin was drawn off and the biodiesel was washed 3 times (1:4 esters:water ratio) with warm water (60 o C) to remove the dissolved glycerol. To evaporate the excess water, the obtained product was heated in an oven at 110 o C until its weight became constant. Figure 1 shows a schematic ternary phase diagram used to determine the microemulsion region. First, the point of maximum solubility of surfactant in the aqueous phase (P) was determined by weighing a certain amount of surfactant and titrating it with water until the system changed from cloudy to clear. After, to determine the lateral boundary of the microemulsion region, points in the Surfactant (S)/Oil (O) binary systems (A, B, C, and D) were prepared by mixing the surfactant with the oil phase at different surfactant fractions and titrating each point with water (W) until the cloudy system became clear. The lower limit was determined by preparing points in the Water (W)/Oil (O) binary (E, F, G and H) with different water fractions and titrating each point with a previously prepared microemulsion (M) until the system changed from a two-phase system to an optically monophasic system (clear aspect). The M point was prepared by taking one point in the S/O binary and titrating it with water, observing the change from cloud to clear (boundary) and adding more water to obtain a microemulsion inside the monophasic area, checking that the system had to remain clear. The amounts of water (W), oil (O), and surfactant (S) in each point were obtained by mass balance. A highspeed centrifuge (Cientec -Model CT-5000R) was used to test the physical stability of the microemulsion systems (30 minutes at 6,000rpm). The ternary phase diagrams were obtained at 28 o C. 
Microemulsion systems
Preparation of diesel/biodiesel blends and microemulsion systems
Diesel/biodiesel blends were prepared with 0 vol.%, 5 vol.%, and 20 vol.% of biodiesel in diesel, which were called B0, B5, and B20, respectively. The microemulsion systems were prepared using B5 or B20 as oil phase, NP5EO as surfactant, and distilled water as aqueous phase. The concentration of NP5EO in the systems was set at 15wt.% allowing to assess the effect of increasing the concentration of water in the systems, from 4 to 12wt.%. The composition of each microemulsion point is shown in Table 2 .
Characterization of microemulsion systems
The density at 20 o C was measured using an Anthony Parr density meter, model DMA 4500M. The kinematic viscosity measurements were obtained by using a HAAKE MARS (RS150) rheometer, at 40 o C and 150rpm shear rate, during 200 seconds. The flash point was obtained using a semi-automatic closed-cup Pensky-Martens PM4 apparatus, manufactured by Petroteste, at a 1.0 o C/min heating rate. Corrosiveness measurements were performed at 50 o C in a
Koehler apparatus (K25319 Model), using copper strips (12.5 x 75.0 x 1.5mm) as working electrode, with surfaces polished with 240 grit silicon carbide paper, which were immersed during 3 hours in a sealed stainless steel container with 150mL of the fluid to be tested. After this time, the strips were removed from the fluid, washed with hexane, and immediately rated by comparison with lithographed standard strips according to ASTM D-130 (2004) . In this ASTM standard there are four levels of increasing sulfur-related corrosion, where "1" corresponds to a slightly tarnished strip, "2" corresponds to a moderate tarnished strip, "3" corresponds to a dark tarnished strip, and "4" corresponds to a corroded strip. Within these numerical ratings, alphabetic sub-ratings were used to describe differences in color and pattern, with increasing corrosion levels ranging from "a" to "e" (Andersen et al., 2003 ).
Exhaust gas analysis
The specifications of the diesel engine used during experimental procedure are given in Table  3 .
Emissions experiments were performed using a dynamometer, as schematically shown in Figure 2 (1). The engine rotation was set at 3500 rpm using a tachometer (2). The diesel engine (3) worked at the following power settings: 0.33, 1.00, 1.33, and 2.00kW (4). The fuel feeding system (5) was composed by five inputs, each with an individual testing tube, which enabled carrying out assays with individual samples under the same experimental conditions. The fuel flow rate was measured volumetrically. The energy generated by the diesel engine was dissipated by using an energy dissipation system (6).
Emissions of carbon monoxide (CO), nitrogen oxide (NOx), and total unburned hydrocarbons (HC) were determined by using a GreenLine 8000 emission analyzer (7) with the aspiration pump placed at the end of the engine's gas pipe. The smoke level in the exhaust gases was measured using a smoke pump (smoke tester 7828 -Eurotron), according to ASTM D2156 (2009). This method consisted of collecting a sample, through gas suction, from the center of the engine's gas pipe using a special filter paper. The color of the spot left on the filter was compared against a numbered reference scale also known as "smoke index" (a gray-toned scale sheet that is divided in 10 distinct areas that range from 0 to 9, where the number 0 represents 85% ± 2.5% reflection). Every new area reflects 10% less than the previous one (Eurotron, 2010). Figure 3 shows the ternary phase diagram for systems composed by distilled water as aqueous phase, NP5EO as surfactant, and diesel, B5 or B20 as oil phase. One can observe that the microemulsion region exhibits a slight decline when there is an increase in the biodiesel content in the oil phase.
RESULTS AND DISCUSSION
Ternary phase diagram
The formation of water-in-oil microemulsions depends on the interactions of the surfactant tail with the organic phase. In this case, an increment in the concentration of biodiesel in the organic phase increases the proportion of carbonyl moieties in the mixture, generating steric hindrance between the oil phase and the surfactant tail, which thereby acts hindering the formation of microemulsions. Table 4 shows the physicochemical properties of the studied fuels and the allowed values according Brazilian legislation for neat diesel and biodiesel/diesel blends (ANP, 2006). An increase in density and flash point was observed for all studied systems as compared to neat diesel, but in accordance with Brazilian legislation. This increase in density is related with the amount of water and biodiesel present in the systems, which have a higher density than the diesel. The increase in flash point can also be related to the presence of biodiesel and water in the blend. The flash point for neat biodiesel is around 172 o C, which is significantly higher than the one for neat diesel (around 45 o C). For microemulsions, it is important to consider the presence of water vapor, which makes the mixture more fuel-poor. (1) ANP -Brazilian National Agency of Petroleum, Natural Gas, and Biofuels; (2) 1a -light orange, almost the same as a freshly polished strip; (3) 1b -dark orange; (4) For S1 to S6 the cetane number was not measured due to the presence of water.
Fuel characterization
The values of viscosity failed to meet the Brazilian legislation standards and showed a direct relationship with the amount of water and biodiesel (high viscosity) added to the system. Water is the dispersed phase of the water-in-oil microemulsions. The surfactant interacts with the water phase favoring the formation of more complex micellar structures.
With respect to corrosion, an increase in corrosiveness was expected for microemulsion systems due to the presence of water in its composition. This behavior was not observed because all studied systems are water-in-oil microemulsions, with the aqueous phase dispersed as small droplets inside the oil-continuous phase. The water content in the samples is relatively low to produce any considerable corrosive effects. 
Emissions pattern
The results for the emissions of carbon monoxide (CO), nitrogen oxides (NOx), total unburned hydrocarbons (HC) and smoke levels as a function of engine power are shown in Figure 4 .
As shown in Figure 4 , the exhaust emissions of CO from B5 and B20 are lower than those from neat diesel. As expected, and in accordance with the literature, an increase in the amount of biodiesel in diesel/biodiesel blend reduces carbon monoxide emissions due to the presence of oxygen in biodiesel, which favors complete combustion inside the cylinder chamber ( . In a general trend, microemulsion systems showed increasing CO emissions with the increase in water content and a reduction in CO emissions was observed with an increase in engine power and biodiesel content. This reduction in CO emissions with the increase in engine power is related to the temperature inside the cylinder chamber. As well reported, water in the form of emulsion or microemulsion tends to increase CO emissions due to a reduction in the temperature inside the cylinder chamber, which causes a Evaluating NOx emissions, for microemulsion systems a decrease in NOx formation was observed with increasing water content and engine power. According to Turns (1995) 
Where [NO] , [O], and [N2] are nitric oxide, atomic oxygen, and molecular nitrogen concentrations. The reaction-rate coefficient is given by:
Where B, ,, Ea, and Ru are constants. As indicated by Eq. 2, the reaction rate coefficient (k) increases as a direct function of temperature. As in Eq. 2, the thermal NO production rate is proportional to k, when temperature is reduced due to the presence of water in the microemulsion systems. There is also a reduction in the formation of thermal NO. This phenomenon occurs due to the boiling point of water being lower than that of diesel, leading to a reduction in the temperature inside the combustion chamber, reducing the thermal NO formation and thus also reducing NOx formation. It is also important to consider that, when a microemulsion is injected, the microdroplets of diesel contain water, which has higher latent heat and will rapidly evaporate, causing micro-explosions, enhancing atomization and increasing the contact area between air and oil, therefore improving fuel combustion. the reactants in the combustion chamber to be increasingly preheated, rising the flame temperature and therefore causing higher NOx emissions.
Mueller et al. (2009) reports several hypotheses
that have been proposed to explain the biodiesel NOx increase. One of these hypotheses is that "biodiesel produces less soot because it is an oxygenated fuel. Because soot radiation is the primary means of heat loss from an in-cylinder flame, radiation heat losses are lower for biodiesel flames, which produce higher actual flame temperatures and more thermal NOx". In the case of microemulsions with biodiesel blends, the water present in the mixture decreases in-cylinder temperatures and, consequently, reduces NOx emissions.
Total unburned hydrocarbon (HC) emissions from B5 were higher than the ones registered from neat diesel and this difference increased with the increase in engine power. For B20, a reduction in HC emissions was observed for all engine powers. The expected behavior for biodiesel/diesel blends is a decrease in HC emissions due to the higher oxygen content and cetane number of biodiesel, as compared with neat diesel.
B5-and B20-based microemulsions showed increasing HC emissions with increasing water content within the systems. As previously explained, this is related to the high latent heat of vaporization of water responsible for reducing the gas temperature inside the cylinder, which causes a decrease in combustion efficiency ( Smoke emissions from diesel/biodiesel blends (B5 and B20) and microemulsion systems were equal or lower than the values attributed to neat diesel. Studies show that the addition of biodiesel to diesel contributes to reduce the levels of particulate matter (Rakopoulos, 2006; Zheng et al., 2008) . This reduction occurs due to the absence of sulfur in biodiesel, since sulfur is an antecedent in particulate matter formation. Therefore, the higher the concentration of biodiesel in diesel, the smaller the amount of sulfur, and, consequently, the emissions of particulate matter and smoke diminish.
The smoke level decreased with the increase in water content. The presence of water in microemulsions reduces the combustion temperature. This reduction in temperature occurs due to water vaporisation and the dilution effect of water, consequently decreasing the production of soot (Tauzia et al., 2010) According to Ochoterena et al. (2010) , the use of diesel-based emulsions and microemulsions reduced between 81% and 89% exhaust soot emissions, respectively. They attributed this reduction to the combined effects of lower flame temperatures, lower concentration of soot in the flames, rapid evaporation of water, and the presence of hydroxyl radicals from water dissociation. Also, Subramanian (2011) related the reduction in smoke emissions to the microexplosions phenomenon, and Qi et al. (2010) attributed the results to improved vaporization and atomization. All these factors lead to an improved air-fuel mixing and, consequently, to better combustion.
CONCLUSIONS
Biodiesel/diesel blends (B5 and B20) and six microemulsion systems were prepared and their physicochemical properties were compared with the ones of neat diesel. Also, a single cylinder 4-stroke diesel engine was used to evaluate emissions characteristics. The experiments led to the following propositions:
1. Considering the composition range within which B5-and B20-based microemulsions are formed, the addition of biodiesel causes a slight decrease in the microemulsion area, indicated in a ternary phase diagram; 2. The nonionic surfactant nonylphenol ethoxylate with five oxyethylene units can be used to obtain diesel/biodiesel microemulsions, but the amount of biodiesel in the mixture must be limited; 3. The values of density and flash point for all studied systems were higher than those observed for neat diesel, but still in accordance with Brazilian legislation; 4. Viscosity values for all microemulsion systems were higher than those for neat diesel, B5 and B20 blends. This is related to the presence of surfactant and, consequently, to the formation of micellar structures; 5. The corrosiveness for B20 systems was augmented due to the presence of biodiesel, however still complying with the current legislation. For microemulsion systems, although the expected behavior was an enhancement in corrosiveness due to water presence, this was not observed; 6. Compared with neat diesel, B5 and B20 blends showed a small decrease in CO emissions for all engine power due to the presence of oxygen in biodiesel. B5 microemulsion systems, with only 5 vol.% biodiesel, showed increased CO emissions due to the presence of water. In microemulsion systems with 20 vol.% biodiesel, a decrease in CO emissions was verified, prevailing the effect of biodiesel; 7. The presence of biodiesel, an oxygenated fuel, in all studied systems increased NOx formation. Nevertheless, a decrease in NOx emissions was observed with an increase in water content due to a reduction in temperature inside the combustion chamber. 8. Microemulsion systems showed an increased total unburned hydrocarbon (HC) due to a reduction in gas temperature inside the cylinder, which caused a decrease in combustion efficiency. 9. Smoke emissions from diesel/biodiesel blends (B5 and B20) and all microemulsion systems were equal or lower than those of neat diesel.
